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Curiam collecUon through Ihe ©nda of a spirally wound electrechamloal cell 



(57) An ©iQCtrochamtcal ceii. including a jefty-roll 
type Bleclrodostacl< (2), and a method for making such 
cqW. The ©lectrochennlcal ce5 includes folded electrode 
(4) portjona (12) which form a plane (1) recessed from 
the end of the electrode stacl^ (2). The folded aldclrode 
portions (12) are preferably formod by making pairs of 
slits (1 0) In the electroda end (6) and bending over the 



electrode portions between each pair of elne (10). The 
recessed plana (IB) forme a large area to which a cur- 
rent collection tab (8) Is subsequontly connected. A 
coaling may be applied to the folded portions (1 2) of the 
electrode (4) to further increase the contact area with 
the current collection lab by eliminating the slight varia- 
tions in the recoesad plane (IB) which are due to the 
overlap of the folded electrode portions (12). 
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Description 

BACKQROUNP OP THE INVENTION 

[0001] In general, this invention is direotedioan elec- 
trochemical cell exhibiting improved current collection 
capability, and a method of making such an electro- 
chemical cell. In one instance the eleoiroehemlcal cell 
19 asplrally wound cell, butthocellcanbDOf any variety. 
[0002] In atypical spirally 

a first conductive layer and a second conductive layer 
are separated by insulation. The conductive layers are 
offset from one another, so that theflrsl conductive layer 
extends beyond the Ineuiatlon and iho second conduc- 
tive layer In one direction. ThQ second conductive layer 
extends beyond the insulation and the first conductive 
layer fn an opposite direction. The teyers are then rolled 
together to form a jelly-roil style electrode stack wherein 
trie first conductive layer fomis a positive electrode at 
one end of the stack, and the second conductive layer 
forms a negative glecirode at a second end of the stack 
opposite the stack first end. 
[0003] A first spiral space is defined in the first end of 
the jelly-roll by the portion of the first conductive sheet 
which is not layered with either insulation or the second 
conductive shest. A second spiral space )e defined in 
the second end of the jelly-roll by the portion Of the sec- 
ond conductive sheol which is not layered with either 
insulation or the first conductive sheet The positive and 
negative electrodes are then connected to temnrials of 
a fluid tight casing for use as a battery. Before the casing 
is sealed shut, an electrolyte is put into the casing sur- 
rounding the electrodes. The electiotyte aids In the de- 
velopment of an electric potential difldrence between 
the electrodes in the cetl. 

[0004] In the typical electrochemical cell, the elec- 
trodes are connected to the temitnals of the battery by 
connection portions extending from ths electrode sheet 
itself, or by tap straps. Another method of connection is 
to edge weld the connection portions to the spiral end 
of the electrodes. Those methods, however, suffer the 
problem of oniy being capable of carrying a limited 
amount of current from the ceil. The tabs do not connect 
to a sufficient area of the electrode to cany larger cur- 
rents associated with bigger batteries. Moreover, wekl- 
ing additional connection portions presents problams in 
manufacture of the batteries^ such as limiting the area 
by whk:h electrolyte can be introduced into the elec- 
trode, and increasing the cost as.well as production time 
for the battery. 

SUMMARY Qf TH£ iNVENTiON 

[0005] One object of the invention is to Improve the 
current collection capacity from an electrochemical cell 
by overcoming the problems associated w^th the 
present current collection methods. 
[0006] Another object of the invention Is to Improve 



the current collection capacity from an electrochemical 
cell by providing an improved metnod of attaching a cur- 
rent coilectkin tab to an electrode, vrtilch may be a spi- 
rally wound electrode. The inventton also includes an 
6 ©lecirochemical celt having one or more current collec- 
tion labs attached thereto in such a manner as to in- 
crease the current collected from the cell. 
[0007] Yet another object of the present invention is 
to improve the current collection capacity from an elec^ 
10 irochemical cell by provkiing Increased contact area be- 
tween a current collectkxi tab and an electrode, includ- 
ing a spirally wound electrode. By Increasing the contact 
area between each contact tab and the electrode, fewer 
contact tabs are necessary which thus leaves sufficient 
1$ space on the elecinxle for introduction of electrolyte. 
[0008] The present Invention achieves these and oth- 
er objects by slitting selected portions of the electrode 
that are nor covered by insulation. Slits are made in the 
end of the electrode stack and extend down through the 
ae electrode In a direction parallel to the electrode stack 
tongitudmal axis, and In a radial directton from the pe- 
riphery of the electrode stack towards the lonsitudinal 
axis. The slits may be either parallel to one another, con- 
verge, or diverge. The slits do not extand the entire 
2S length of the electrode portion which is uncovered by 
Insulation. The slits define a tab connection portion of 
the spirally wound electrode therebetween which is sub- 
sequently foWed over so that the secttons of the elec- 
trode extend in a tadial direction. The folded portions of 
30 the electrode can extend substantially perpendicular to 
the longitudinal axis of the electrode. The folded por- 
tions of the electrode may extend from their bend toward 
the tongitudinal axis, that is in an inward direction. Alter- 
natively, the folded portions can extend from their bend 
3$ in a direciton away from the longitudinal axl9» I.e.. in an 
outward direction. In either case, the folded portions of 
the electrode extend in a radial direction and can be sub- 
siar>^tly perpendicular to the longitudinal axis, 
ipoofll The folded ponlons of the electrode define a 
40 contact tab connection portion. Each electrochemical 
cell electrode can have one or more contact tab connec- 
tion portkjns. Each contact tab connection portion in- 
cludes a plane which is recessed from the end plane of 
the electrode slack. The plane of the contact tab corv 
4$ nectton portion can be substantially parallel to the end 
plane erf the electrode stack, but can also form an angle 
therewith. The folded portions may be covered by a con- 
ductive material in order to provide a flatter surface to 
which the contact tab is connected. For example^ a Iher- 
so mally sprayed coating of conductive material that is 
compatible with the material of the electrode can be 
sprayed onto the folded portions before the contact tab 
is attached. 

[001 D] A contact tab, of conductive material, is con- 
55 nected to each connection portton by any suitable meth- 
od. The contact tab can be made either of the same or 
different material than the electrode to wnich It Is at- 
tached. The contact tab shoukJ have a geometry and 
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dimensions compatible with the etectffc curront to bft 
colloctod from the respective cell. 
[0011] One Buitable method for connecting the con- 
tact tab to the connection portion is welding, for example 
sonic weWIng or laser welding. However, laser weWing 
is preferred. Proper precaollons are taken so that the 
temperature o1 the electrode stacic can be controlled to 
prevent the insulation Irom being healed bayond its 
melting point. Further, high electric conductivity is 
echieved between the current collection tab and the 
electrode while minimizing the Internal resistance drop 
between the electrodes, i.e. . shorts between the positive 
and negative electrodes are minimized. When a con- 
ductive coating is applied to the toidad portions ot the 
electrode, the current collection tab is wolded directly to 
the conductive coating. The coating layer creates a flat 
eurlace with controlled height. This helps to fix the weld- 
ing process parameters, speed up.the weWing process, 
and improve the quality of the weld 
[0012] Further in the case of a spirally wound elec- 
trode, the invention can include a hollow thin walled 
mandrel around which the conductive sheets and insu- 
lation are wound to form the jelly-roll This construction 
results In a tubular cell having a hollow core. The diam- 
eter of the hollow mandrel is selected according to the 
winding, thermal, and fabrication considerations of the 
cell. The hollow mandrel can then be welded to top and 
bottom covers ol the cell casing, which act as thermal 
linka between the outer case of the cell and the electrode 
stack. The hoQow core design improves the dissipation 
of heat generated along the centrat core of the cell. The 
relaliveiy large radius of the tubular cell minimizes the 
cracking of any coated layers on the electrodes of the 
jelly-roll. 

[0Q1 3) Addit wnaityr the hollow mandrel can have lon- 
gitudinal grooves on its outer surlace. le.i the surface 
on which the jelly-roll is wound. The longitudinal grooves 
on the outer surface of the tube help to properly evacu- 
ate and fill the ceil during the electrolyte filling process, 
[001 41 The eiectrochem icai cell of the present inven- 
tion may bo, but is not limited to. a rechargeable lithium- 
ion cell ot either the standard or scaled up high power 
type. The eubstrate material for the positive and nega- 
tive elBctrodee can b© any suitable material. For exam- 
ple, in a lithium-ion cell the positive electrode is made 
of aluminum and the negative electrocte of copper The 
current collection tabs are made of a material that Is 
compatible with that of the raspeotivo electrode. For ex- 
ample, in a iJthium-ion cell, an aluminum current collec- 
tion lab would be used with the aluminum electrode 
whereas a copper or nickel cun-ent collecton lab would 
be used with the copper electrode. 
[0015] The method of the present invention may be 
used in manufacturing other types of ceils including, but 
not limited to, nickel metal hydride cells and nickel cad- 
mium cells. Also, the method of the present Invention 
can be used on electrode stacks which are not spirally 
wound. Further, the method of the present invention can 



be practiced on any size of cell, but is particularly useful 
in manufacturing cells for electrk? vehicles. 
(001 6J The foregoing cbiects df the present invention, 
together with the features and advantages thereofl, will 
5 be made apparent from the following description, In 
which like reference characters designate the same or 
similar parts throughout the *awings. 
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[0017J Figure 1 1sanendviawof asplrally woundjelly- 
roll electrode stack having current collection tabs con- 
nected thereto. 

[001 e] Figure 2 is a partially cut away side view of a 
tfi spirally wound Jelly-roll atectrode stack having current 
collec1»n tabs connected thereto. 
[001 9] Figure 3 is a blown up view of a currant collec- 
tion lab and the end portion of an electrode stack, show- 
ing the connection iherebeiween. 
20 [0020] Figure4isaplanvlewofasecondtypeol elec- 
trode stack to which the method of the present invention 
Is applied. 

[0021] Figure 5 is a partially cut away end view of the 
eecor>d type of electrode stack. 

ngTAILED DEBCRIPn OM OF THE IMVENTION 

[0022] The present invention includes both an etec- 
trode stack having improved current collection charac- 
30 teristics. and a method for making an electrochemical 
cell having Improvedcurrent collection from its electrode 
stack. Firet. the electrode stack 2 of an electrochemical 
ceR of the present invention will be described. Subse- 
quenily. a method lor making such an electrochemical 

35 coll witlbe set torth. 

[00231 A first embodiment of an elect rochomksal cell 
of the present invention Includes a Jelly^roU type elec- 
trode stack 2. The jelly-roH electrode slack 2 Includes a 
first electrode 4 and a second electrode (not shown) 

40 separated by insufetion. The electrodes extend from op- 
posits sides of the jelly-roll stack. The electrode ends 
as well as their connection to the current collection t^bs 
8 are similar, and therefore only one end ol the electrode 
stack will be described. 

48 [0024] Figure 1 shows one end 6 of a spirally wound 
electrode which forms a part of a jelly-roll electrode 
slack 2. The electrode stack 2 has current collectton 
tabs 8 attached thereto by welds 20. however, any suit- 
able means can ba used to attach the current collection 

so labs. The wekte 20 can be made, for example, by spot 
waWing with a eonio or laser welder but are preferably 
made by laser weWing. The current collectksn tabs 6 are 
connected to a connectbn portion of the electrode slack 
which is recessed below the electrode stack end 6. The 

ss electrode stack end lias In a plen© 16. Tabs 8 are con- 
nected to the electrode stack in a plane 1fi which is clos- 
er to the middle of the electrode stack than is the ptane 
1 6. The tabs 8 can extend at any angle to the electrode 
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stack longitudinal axis 26 but are preferably substantial- 
ly perpendlcutar thereto* Although four tabs are shown 
In Figure 1 . any number of tabs car* be employed The 
numberof tabs on the second end of the electrode stack 
can be the same as, or different froi7i» the number of tabe 
on the first end of the electrode stack. 
[0025] F igure 3 shows, In a blown up manner, tha area 
of connection between the electrode 4 and a current col- 
lection tab 8. As seen in Figure 3, the ends o1 electrode 
4 are folded over so that they lonnn an Increased area 
for connection to the tab 8. The folded portions 12 of the 
etedrode end extend in ihe radial direction o1 the elec^ 
trade stack and are formed so thait ihe bond 11 in the 
electrode is farther from the oleclrodB longitudinal axis 
26 than is the electrode end 1 3. Aftemattvely. the folded 
portions 12 can be formed eo that the bend 11 In the 
electrode Is closer to the electrode longitudinal axis 26 
than is the eleclfode end 19. In either case, the folded 
portions 1 2 form a pfena IB for connection of tha tab 8. 
The plane 18, as descrtoed above, is recessed toward 
the interior of the cell from the end plane 16 of the elec- 
tiode stack. 

[0026] By providing the etectrochemical eel I with fold* 
ed portions 12, a large surface area Is formed from 
which current can be eotlectsd In a typical electrochem- 
teal ceil, a tab portion is connected to only the very edge 
portion of the wound electrode. In contrast, the present 
invenlton provides a connection to an increased area of 
the electrode 4. To further increase the contact aroa be- 
tween the electrode and the contact tab, a coating can 
be provided on the folded portions 12 of the electrode 
4. The coaling provides a flat area for connection of the 
current collection tab 8 by filling in the slightly uneven 
surface formed by the overlap of the folded portions 1 2. 
The coating is made of a conductive material that is 
compatible with that of the electrode on which It is de- 
posited, andwith that of the current collection tab to 
which it is attached. 

[0027] The electrochemical cell of the present inven- 
tion can include a mandrel 22 around which the elec- 
trodes and insulation of the cell are wound to form the 
jally-foll electrode stack. The mandrel 22 provides Ihe 
ceil with a hollow core 24 which assists in both heat dis- 
sipation and Introduction of electrolyle. 
[0026] Heal is generated by the process of attaching 
the tabs B lo the electrode stack end 8. and also during 
operation of the battery If heat builds up within the bat- 
tety raising its temperature up to or beyond the melting 
point of the insulating material, then shorts can occur 
within the battery. Shorts between the electrodes due to 
melted insulation can decrease the output capacity of 
the battery or even make ft inoperable. 
[a02d] The mandrel can include longitudinal slits 
through the outer surface thereof. IWq slits aid In the 
svacuatlon of the battery in preparation to- the introduc- 
tion of eiectrolyie. The slits also aid In the int roductk)n 
of otectrolyte into the spiral spaces formed by the portion 
of each electrode which extends from each end of the 



]ally-roil slack. 

[0030] The method of connecting a contact tab to an 
electrode extending from the end of a stack will now be 
described. The method le useful In connecting current 
« collection tabs lo the ends of a jelly-foH style electrode 
stack, butcan bo used on othertypos^eloctrode stacks 
as well, for example a rectangular electrode stack as 
shown in Figures 4-5. However, the method will be de- 
scribed in conjunction with a jelly-roll type electrode 
10 stack with the understanding that one of ordinary skill In 
the art would readily envisage how to use the method 
on differently shaped electrode smcks. 
[00311 An electrode stack 2 IS formed &othatone elec- 
trode 4 extends from on© end of the jelly-roH to form an 
IS end 6. and a second electrode extends from the other 
end o1 the ielly-roll. A slit 10 Is then made wi the end ot 
one electrode, on the portion thereof which is not cov- 
ered by Insulation or the other electrode, so as to extend 
from the and of the electrode slack B towards the oppo- 
se site end of the stack and so as to extend In a radial di- 
rection across the end of the electrode. Subsequently, 
another slit 1 0 is made near the first slit so as to fonfn a 
pair of silts. TTils part of the process is repeated loform 
a pair of slits for each desired current collsction tab. 
[0032] Each slit 1 0 is shown as substantially parallel 
to the otfier slit o1 the pair, but such configuration is rvot 
necessary. The eRts 10 <rf a pair can either converge or 
diverge as they extend from the outer periphery of the 
olectrode stack towards the bngitudinal axis 28, How- 
30 ever, it is preferred to form the slits of each pair as sub- 
stantially parallel to one another and spaced at a dis- 
tance approximately equal lo or slightly larger than the 
wWth of the current collection tab. By matching the dis- 
tance between the sliu 10 of a pair lo the wkJth of the 
55 tab 8, or slightly larger, a sufliclem contain area is 
formed while leaving the rest of the electrode end un- 
modified for readily accepting electrolyte. The slils 10 
can be made one at a time, simultaneously or by any 
combination of simullaneouB and eequentlal formation. 
^o [O033] Each pair of slits defines a poTtkmol the elec- 
trode 4 vvhk:h Is then bent down so as to fom> a plane 
laihat Is recessed from the plane 16 whteh contains the 
end o1 the electrode stack 6. The plane 18 is shown as 
substantially perpendicular to the longitudinal axis 26 of 
4S the ceM. but can be foitned at any angle thereto. To form 
the plane 16 at an angle to ih© bngrtudlnal axle 26, the 
slits In the eletarode end are made deeper at one radial 
kx5atlon than another. For example, the silts could be 
deeper near the center of the electrode 5tack and grad- 
BO ually become shallower as they extend to the outer pe- 
riphery of the electrode stack. Altemativeiy, the slits can 
be deeper near the outer periphery and shaltower near 
the center of the electrode stack. 
[0034] The folded portions 1 2 of the electrode can be 
S5 tormed so that the bend 11 in the electrode is ctoser to 
the longitudinal axis 26 of ths electrode stack than is the 
end 13oftho electrode. Alternatively, the folded portk>ns 
12 of the electrode can be formed so that the bend 11 
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in ihe electrode fe farthef from ihe longltudinat axi& 26 
of the'electrode slack lhan is the end 1 3 of tho electrode. 
[0035] Then, once the plane 16 is formed, a current 
collection tab 8 is attached thereto by laser spot welding, 
A welding electrode 29 is used to fomn ttis epot welds 
20 which atlach the tab 8 to the folded portions 1 2 of the 
electrode 4 which lie in plane 18. AlternativB methods 
of attaching the current collection tabs can be used, 
such as sonic welding. 

I0O3G1 To increase the contact area between a tab Q 
and the folded portions 12 of the electrode, a coaling 
can be depoeited onto the plane 1 B. The coaling serves 
to smooth out the slightly uneven surface formed by the 
overlap In the folded portions 12. The coating is made 
of conductive particles whicti are compatibia with the 
materia! from which tho electrode and the current col- 
lection tab are made. TTie coating can be applied by any 
suitable method, bul a thermal spray process is pre- 
ferred. 

(0037] The process lor connection is then repeated 
for the other end of ihe jelly-roll to connect cuffent col- 
lection tabs to the second electrode. Alternatively, the 
process can be carried out on each end of the jelly-roll 
simultaneously. 

[9038] An alternative configuration of electrode etacK 
is shown in Ffgures 4-5. In Figure 4. the electrode stack 
2 is rectangular, and is Inserted into can or housing 32 
which is then filled with electrolyte. The can 32 contains 
dividers 30 which prevent the long eides of the can f rorn 
deforming thus permitting better control of the stack 
pressure dunng temperature cycling. Also, the dividers 
aid m mainialning the Integrity of the can wtion It is filled 
with electrolyte at a high pressure. 
[003d] In the rectangular configuration, the tabs d 
should be welded to the electrodes after they have been 
placed within the can 32. Welding the contact tabs after 
the electrode stack 2 is In tho can 32 prevents the shift- 
ing of the plates in the stack, which faci litates fabrication 
of the electrochemical cell. Shifting of the plates is also 
prevented by minimizing the number of plates. Making 
the electrodes as long as the case height permits the 
minimum number of plates as wall as permits the weW- 
ing of the contact tabs after th a electrodes a re In the can. 
(0040] The slits 10 in the electrode ends can be made 
loanydepthas longastheydonotoontactthe insufathig 
material or tha interior end of the other electrode. As 
shown in connection with the rectangular electrode 
stack 2» th6 silts in the electrode end are formed so that 
the plana fonDed by loWed portions 12 Is only slightly 
below the plane 16 which contains the end of the alec- 
trode stacks. With suchacortflgurmlon, the contact tabs 
B are allowed to protrude above the plane 16, 
[0041] The foregoing description is meTsiy exemplary 
and is not to be construed in a limiting sense. Modifica- 
tions will be readily apparent to those of ordinary skill in 
the art. and are considered to be within the scope of the 
invention, which is to be limited only by the following 
claims. 



Claims 

1. in an elBCtrochemicai call which include* an elec^ 
irode stack (2) comprised o1 alternating conductive 
5 and insulating layers, said conductive and insulat- 
ing layers extending In a first direction, wherein el 
least a first layer extends in said first direction from 
a first end (6) of said stack (2), the improvement 
corr^rising: 

10 a tab connection portion comprising at least a 

section of saW first layer which Is lolded so as to 
extend in a direction substantially transverse to sakJ 

first direction. 



IS 2* The Blcctnxhemical cell according to claim i, 
wherem said electrode stack (2) comprises a jelly- 
roll type electrode stack having a longltudinat axis 
(26), said jelly roll slack comprising saW conductive 
and Insulating layers wherein said first layer com- 

so prises a spiral electrode at a first end (6) of the Slack 
(2), said tab connection portion including portions 
ol first spiral electrode that are folded so as to ex- 
tend in a radial directton. 

55 3, Tho eiectrochamlcal cell according to olaim 2, 
wherein said section that is folded extends in a di- 
rection substantially perpendicular to said tongitu- 
dlnal axis (26). 

30 4. The alactroehemtoal cell according to claim 2, fur- 
ther corr^prlsing a pair of silts (10) in said first spiral, 
wherein said tab connection portion is bcatod be- 
tween said silts. 

35 s. An eleotrochemical cell comprising: 

a first conductive sheet having a first end and 
a second end opposite to said first end; 
insulation adjacent to said first conductive 
sheet so that saW second end of said first con- 
ductive eheet is uncovered by said insulation; 
a second conductive sheet having a first end, 
and a second end opposite to said flnst end of 
said second conductive sheet, wherein said 
second conductive ehost is adjacent said insu- 
laton so that said second end of said second 
conductive sheet Is uncovered by said insula- 
tion and extends beyond said first end of said 
first conductive sheet; 

a tab connecton portion, wherein said tab con- 
nection portion Includes at least one fir^t con- 
ductivo sheet section that is folded so as to ex- 
tend across said Insulation toward said second 
conductive sheet. 



40 



4S 



so 



$6 



B. The electrochemical cell according to claim 5, 
wherein said first conductive sheets sard Insulation 
and said second conductive sheet are roned togoth- 
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er to form a jelly-roil siacK (2) having a longiludlr^l 
axis (26) such that said second end of aaidfirsi con- 
ductivs sheet forms a firsi spiral space, and said at 
laasl one first conductive sheet secilon extends 
acrosa a portion of said first spiral space. 

7. The eleolrochemlcal cell according to claim 6, 
wherein said second end of said second conductive 
sheet lorms a second spiral space, 

8. The electrochemical col! according to one ot the 
claims e or 7. further comprising a pair of sffis (10) 
In said first spiral, wherein said tab conneclton por- 
tion is located between said slits (10). 

9. The electrochemical cell according to claim 8. 
wherein the slits (10) which form ©aid pair slits 
are eubstantlally parallel. 

10. The electrochemical cell according to one of the 
claims 6 to 9, wherein said tab connection portion 
lies substantially in a plane (IB) below said second 
and of said first conductive sheet. 

11. The elecirochsmical cell according to one ol the 
claims 6 to 10, wherein each folded first conductive 
sheet section extends from a bend (11) towards the 
longitudinal axis (26) oT the stack (2). 

12. The electrochemical cell according to one of the 
claims 6 lo 11 , further comprising a conductive tab 
(8), wherein said conductive tat> (B) is connected to 
said tab connection portion. 

13. The ele<4rochemlcal cell according to claim 12. 
wherein said oonducHvetab (8) Is connected to said 
tab connection portion by a weld joint (20). 

14. The electrochemical cell according to one of the 
claims 12 or 13, wherein said conductive tab (8) is 
made of the same material as said first conductive 
sheet. 

15. The electrochemical cell according to one ol the 
claims 6 to 14, further comprising a plurality of tab 
connection portions comprisad of first conductive 
sheet sections that are folded so as to extend 
across a portion of said first spiral space. 



16. The elecrrochemicai cell according to claim 15 fur- 
ther comprising a plurality of pairs of slits (10) in said 
second end of said first conductive sheet, wherori* 
a tab connection portion is located between each 
pair of slits. 

17. IhB elocifochemical cell according to claim 15, fur- 
ther comprising a conductive tab (8) connected to 
each tab connection portion. 



10. The electrochemical call according to one of the 
claims 15 to 1 7. further comprising a plurality ol tab 
connection portions on said second end of said sec- 
ond conductive sheet. 

5 

19. The electrochemical cell according to claim 19. 
wherein the number of tab connection portions on 
said second end of said first conductive sheet is 
equal to the number of tab connection portions on 
10 said second end of aaid second conductive sheet. 

20* The electnochernical cell according to one of the 
claims 8 to 1 9, further comprising a hollows mandrel 
(22) at the center of the jelV-'oH stack (2) around 
is Which said first conductive sheet, second conduc- 
tive sheet, and said InBUlalion are wound. 

21. The electrochemical cell according to one of the 
claims 6 to 20. f u rther comprising a conductive ooat- 
20 ing on aaid tab connection portion. 



as 



22. The electrochemical cell according to claim 21, 
wherein said conductNe coating is a themrtally 
sprayed conductive coating. 

29. The electrochemical cell according to one of the 
claims 21 or 22. further comprising a conductive tab 
(8) connected to said conductive coating. 



50 24. The electrochemical coll according to one of the 
claims e to 23, further comprising a second end tab 
connection portion, on said second conductive 
eheet, wherein said second end tab connection por- 
tion Includes at least one second conductive sheet 

35 section that is foldod so as to extend across a por- 
tion of said second spiral space. 



28. The electrochemical call according to claim 24, fur- 
ther comprising a pair of sliis in the second end ol 
40 said second conductive sheet, wherein said second 
end tab connection portion is locaied between eald 
pair of slits. 



45 



BO 



2S, A method ol making an electrochemical ceil com- 
pnsing the steps ol: 

providing an electrode stack (2) which incKides 
a first electrode extending from one end of the 
stack (2), a second electrode extending from an 
opposite end of the stacic. and a longitudinal ax- 
is (26) between said ends of the stack; 
folding at least one section of the first electrode 
BO that It extends in a direction at an angle to 
the longitudinal axis to form a tab connection 
portion. 

27. The method of according to claim 26, further com- 
prising the step of connecting a current collection 
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lab (8) to the lab connection portion. 



28, The method according \o one of th8 claims 26 or 
27» further comprising the §tep of lomiing a conduc- 
tlv€ coating on the tab connection portion. 

2a IhB method according to claim 28, wherein said 
conductive coating id a thermally eprayed coating. 



10 



ao. The method according to one of the claims 29 or 
29, wherein said conductive coating lias a surface 
contour on a lower surface thereof conlonnrng to a 
surface of said tab connectton portion. 

31. The method according to one ot tho claims 2S to 30, 
further Including the steps of thermally spraying a 
coating of conductiva material over said current col- 
lection tab. 

32. The method according to ona of the claims 26 to 31 , 
wherein said step of tolding at least one section of 
the first electrode includes folding a plurality ot sec- 
tiona of eaid first electrode to form a tab connection 
portion. 

33. The method according to one of tho claims 26 to 32; 
further including making a pair of slits (1 0) in the first 
electrode, and said stap of folding at least one sec- 
tion of the first electrode deludes folding at least 
onfi section of the Rrat electrode between said pair 
of slits (10). 

34. The method according to claim 33, wherein said 
stop of making a pair of slits includes riYaking a pair 
of slits (iO]rwhich are subdtaniiaily paralleh 

35. The method aocordingto one of the clalma 26 to 34, 
wheroin said step of folding at least one section of 
the first electrode Includes folding at least one sec- 
tion of the first electrode so that it extends from a 
bend (l l ) toward the longitudinal axis (26). 

36. The method according toone o1 the claims 26 to 35. 
further comprising tho steps of ; 

foldingat least one section of the second elec- 
trode ao that it extends in a direction at an angle to 
Ihe longitudinal axis to form a tab connection por- 
tion. 

37. The method according to claim 36, further compris- 
ing making a pair of slits in said second electrode, 
and said step of folding at least one section ot the 
second electrode includes folding at least one sec- 
tton of the first electrode between said pair of slits. 

36. A method of making an electiochemical cell com- 
prising the steps of: 



providing an electrode stack (2) which includes 
aflret electrode having a f irel end, and a second 
electrode; 

folding at least one section of the first electrode 
so that it extends below the first end of the first 
electrode to form a tab connection portion. 

39. The method according io claim 38, further compris- 
ing making a pair of slits (10) in the first end of the 
first electrode, and said step of tolding at least one 
section of the first electrode includes folding at ieast 
one sectk^n of the first electrode between said pair 
of slits (10). 
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